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(54) Continuous wave wideband precision ranging radar 



(57) A precision ranging radar system for use in 
parking and backup maneuvers by drivers of vehicles to 
avoid collisions. The radar system includes a noise 
code generator for generating a noise code, a data 
source for generating a data bit stream, and a local 
oscillator microwave source. A data mixing mechanism 
is coupled to the noise code generator and data source 
for embedding data derived from the data source into 
the noise code. Transmit and receive microwave anten- 
nas are provided. A transmit phase modulator is cou- 
pled to the data mixing mechanism, the local oscillator 



microwave source, and the transmit antenna. A receive 
phase modulator is coupled to the local oscillator micro- 
wave source, and a code delay unit is coupled to the 
noise code generator and the receive phase modulator. 
A downconverter mixer is coupled to the receive micro- 
wave antenna and to the receive phase modulator, and 
a baseband integrator and amplifier is coupled to the 
downconverter mixer for outputting data from the radar 
system. 



Tx£^ 



(NOISE) x (DATA) 
X (CARRIER) 



/v 16b 



12a- 1 

10 E--DATA 
-,"* } DATA SOURCE | 



(DELAYED NOISE) 
x ( CARRIER)-\ 



K3- 15 



(DELAYED NOISE) x~^ 
(DATA) x (CARRIER) 




<t>m 








-13b 







NOISE 
CODE 
GENERATOR 



11 



Fig. 1 



DATA 
(AC WAVEFORM) 



. DATA OUT OH 
<^ FILTERED DATA OUT 



LU 



Primed by Rank Xerox (UK) Business Services 
2.14.23/3.4 



1 



EP 0 809 118 A1 



2 



Description 

BACKGROUND 

The present invention relates generally to radar 
systems, and more particularly, to a continuous wave 
wideband precision ranging radar system. 

There is no known highly analogous prior art relat- 
ing to the present invention, but there is a great deal of 
similar prior art. Ranging techniques used in the global 
positioning system (GPS), where code delay measure- 
ments are used to determine range, are similar to the 
range measurement technique used in the present 
invention. However, the present invention provides more 
than the use of Known techniques in a new application; 
the techniques are used in a novel way. The following is 
a discussion of prior art that is similar to the present 
invention. 

Spread spectrum communications systems are well 
developed, with numerous combinations of implementa- 
tion techniques in place. The most familiar example is 
the cellular telephone, where spread spectrum tech- 
niques are used extensively. The present invention is 
similar to spread spectrum direct sequence binary 
phase shift key communications links, where synchroni- 
zation is the solution in the present invention and the 
problem in the communications system case. In the 
present invention, when there is a target in a detection 
range bin, reference and input signal are synchronized, 
correlator output becomes large, and the presence of 
the output indicates the presence of a target, in that a 
detection occurs. In the communications system case, a 
delay unit is commanded to vary a code delay (and local 
oscillator carrier phase) until synchronization occurs, 
indicated by the presence of data, whereafter the data is 
received and interpreted. Ranging information is not 
transferred or extracted in the communications system 
case, the noise codes are used for other purposes. 

There are numerous examples of ranging systems 
that use the delay between received and reference 
noise codes to measure the distance between transmit- 
ting and receiving units. This technique is widely used in 
navigation systems, the most prevalent example of 
which is the global positioning system (GPS). The glo- 
bal positioning system uses multiple precise measure- 
ments of noise code delays in computing receiver 
coordinates. All of the known ranging systems do not 
have collocated transmitter and receiver. They are 
designed to measure the distance between the trans- 
mitter and receiver, as opposed to a CW precision radar 
which is designed to measure the distance between the 
radar and various objects. Code and carrier acquisition 
in the receiver represent challenges that are met by 
sophisticated techniques in the ranging systems, all of 
which are not necessary in the present invention since 
the reference and received code are both generated by 
the same circuit. 

There are numerous pulse compression radar sys- 
tems that use bi-phase or poly-phase shift key modula- 



tion within a short duration microwave energy pulse to 
further enhance the range resolution of the system 
beyond that supported by the unmodulated pulse. The 
phase modulation is rapid, and the chip length is short 

5 relative to the pulse length, to maximize range resolu- 
tion. Typically the phase modulation is implemented 
using a maximal linear pseudo noise code. These sys- 
tems are pulse radar systems, not CW radar systems, 
and thus are distinctly different than the present inven- 

10 tion. The pulse compression techniques used in the 
prior art do not compare the time delay shift between 
reference and received codes, rather a pseudo noise 
code is used to compress the time duration of the 
received pulse to a fraction of that which was radiated. 

15 In these systems, the presence of the pseudo noise or 
noise codes are to enhance range resolution, not to 
directly measure range by code delay shifts. 

Accordingly, it is an objective of the present inven- 
tion to provide for an improved continuous wave wide- 

20 band precision ranging radar system. 

SUMMARY OF THE INVENTION 

To meet the above and other objectives, the present 

25 invention provides for a precision ranging radar for use 
in parking and backup maneuvers by drivers of vehicles 
to avoid collisions. The present invention is a low cost 
radar system that provides precision ranging, while uti- 
lizing low radiated emissions power in short range appli- 

30 cations. The radar system exhibits the target detection 
efficiency of continuous wave operation and the range 
precision of short time duration pulse radar. The radar 
system is designed to detect targets whether they are 
moving or stationary with respect to the radar with high 

35 sensitivity. For these reasons, there are numerous pre- 
cision ranging applications for the present radar system. 

More particularly, in a basic embodiment, the 
present invention is a continuous wave wideband preci- 
sion ranging radar system that includes a noise code 

40 generator for generating a noise code, a data source for 
generating a data bit stream, and a local oscillator 
microwave source. A data mixing mechanism is coupled 
to the noise code generator and data source for embed- 
ding data derived from the data source into the noise 

45 code. Transmit and receive microwave antennas are 
provided. A transmit phase modulator is coupled to the 
data mixing mechanism, the local oscillator microwave 
source, and the transmit antenna. A receive phase mod- 
ulator is coupled to the local oscillator microwave 

so source, and a code delay unit is coupled to the noise 
code generator and the receive phase modulator. A 
downconverter mixer is coupled to the receive micro- 
wave antenna and to the receive phase modulator, and 
a baseband integrator and amplifier is coupled to the 

5s downconverter mixer for outputting data from the radar 
system. 

The CW wideband precision ranging radar system 
is designed to accomplish detection and precise range 
measurement of targets over short ranges at a very low 
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production cost. The radar is limited to measurement of 
low dynamics targets where range rates should not 
exceed approximately 5 meters/second. The design 
uses extraordinarily low radiated emissions power lev- 
els to allow very wide bandwidth emissions, facilitating 5 
precision ranging, while still meeting Federal Communi- 
cations Commission (FCC) emissions limits. 

The first application of the present invention is a 
back-up and parking aide ranging system where a vehi- 
cle driver is given accurate range information to the 10 
nearest object to the driver's vehicle during backup and 
parking maneuvers. In order to accomplish this, very 
small targets must be detected and reported to the 
driver, where "small" targets are those which backscat- 
ter only a minuscule portion of the radiated energy 15 
which illuminates them. In order to provide useful rang- 
ing service to the user with very low power emissions, 
and to detect very small targets at ranges of up to a few 
meters, the system incorporates a matched receiver 
and a continuous wave (CW) waveform, thereby provid- 20 
ing the maximum reception efficiency and target 
detectability allowed by the limited radiation power lev- 
els. A radar system that detects only targets with rela- 
tive (radial) motion is inherently less expensive than 
systems that detect targets with no motion. The present 25 
low cost radar system detects stationary targets at all 
ranges of coverage, and the target motion does not dis- 
tort the range measurement. 

The radiated waveform employed in the present 
invention is a spread spectrum type waveform, accom- 30 
plished by high speed phase modulation of carriers with 
pseudo noise or true noise codes. Since the codes are 
not synchronized between different radar systems, a 
radar system's receiver is not excited by a different 
radar system's transmitter. It is the nature of the receiver 35 
design that it does not respond to signals other than 
those modulated by the code of the receiver's radar sys- 
tem. This allows the use of multiple non-interfering radar 
systems in close proximity to each other without interfer- 
ence or degradation in each radar system's perform- 40 
ance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present 45 
invention may be more readily understood with refer- 
ence to the following detailed description taken in con- 
junction with the accompanying drawings, wherein like 
reference numerals designate like structural elements, 
and in which: so 

Fig. 1 illustrates a block diagram of basic radar sys- 
tem in accordance with the principles of the present 
invention; 

Fig. 2 shows a block diagram of a second embodi- ss 
ment of the present radar system that is augmented 
to include an offset oscillator; 
Figs. 3a and 3b illustrate different types of receiver 
correlators that may be used in the present radar 



system; 

Fig. 4 is a block diagram of a radar system that was 
built and field tested; 

Figs. 5a and 5b show quadrature receiver struc- 
tures that employ in-line and heterodyne correlators 
that are used when an offset oscillator is not used; 
Fig. 6 shows a block diagram of a radar system 
including an l/Q receiver instead of an offset oscilla- 
tor, and illustrates the concept of continually chang- 
ing range gate delay in a cyclical manner, while 
multiplexing an appropriate indicator for each range 
bin, to cover a multiplicity of range bins; 
Fig. 7 shows an autocorrelation function of a PN 
maximal code bit stream; and 
Fig. 8 shows the output as a function of target range 
or range delay for the system of Fig. 1. 

DETAILED DESCRIPTION 

Referring to the drawing figures, Fig. 1 shows a rel- 
atively simple embodiment of a radar system 10 in 
accordance with the principles of the present invention. 
The radar system 1 0 is comprised of a noise code gen- 
erator 1 1 for generating a noise code, a data source 12 
for generating a data bit stream, a data mixing mecha- 
nism 12a for embedding data into the noise code, trans- 
mit and receive phase modulators (f m .) 13a, 13b. a code 
delay unit (t) 14. a local oscillator (LO) microwave 
source 15, transmit (Tx) and receive (Rec) microwave 
antennas 16a, 16b, a downconverter mixer 17 disposed 
in the receive signal path, and a baseband integrator 
and amplifier 19 that is AC coupled to the downcon- 
verter mixer 1 7 by way of a capacitor 18. This radar sys- 
tem 1 0 is a single range bin radar system 1 0, wherein a 
single spherical "shell" of detection sensitivity (range 
bin) is created. Objects outside the shell are not 
detected, while objects within the shell are detected. 
The width of the detection shell (i.e., range bin depth) is 
determined by the bandwidth of the radiated or transmit- 
ted signal. The position of the shell in space, i.e., the 
distance between the receive antenna 16b and the 
center of the range bin is determined by a delay param- 
eter "t". System detection capability, or sensitivity, as a 
function of angle is provided solely by the radiation pat- 
terns of the microwave antennas 16a. 16b. 

The microwave antennas 1 6a, 1 6b serve to radiate 
and receive microwave radiation with specified intensity 
as a function of azimuth and elevation angles of the 
waveform generated by the code generator 11, data 
source 12, local oscillator source 15, and transmit 
phase modulator 13a. The transmit antenna 16a is 
specified per maximum radiation field intensities 
allowed by the FCC, while the receive antenna 13b is 
specified per system sensitivity requirements and 
detection coverage zone angular selectivity require- 
ments. 

The local oscillator source 15 is a fixed frequency 
microwave signal source with a narrowband (ideally a 
single frequency) output signal. Data is a predeter- 
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mined serial bit stream which is recovered as a base- 
band signal when a target is within the system detection 
zone as defined by the angular response of the anten- 
nas 16a, 16b and the range bin depth and position. The 
mixing mechanism 12a is a modulo-2 adder, where 
each bit of the noise code is modulo-2 added (equal to 
an exclusive OR, or "EXOR", operation) with the data bit 
stream. 

The noise code generator 1 1 produces a serial bit 
stream of logic "1 's" and "O's" which is a truly random or 
pseudo random sequence. Each bit in the stream is of 
the same time duration as all other bits. In the case of a 
pseudo random code, a bit sequence is produced by the 
generator 1 1 which repeats. The sequence of 1 's and 
O's comprises a "maximal linear code sequence" which 
is defined as having the following properties. 

The number of ones in the sequence is one more 
than the number of zeros, the statistical distribution of 
ones and zeros is always the same and is well defined, 
autocorrelation of a maximal linear code is such that for 
all values of phase shift the correlation value is -1 
except when the phase shift is 0 +/- 1 bit where the cor- 
relation value varies from -1 to a peak (at zero phase 
shift) of 2n-1 , the sequence length, a modulo-2 addition 
of a maximal linear code with a phase shifted replica 
results in another replica with a phase shift different 
from either of the originals, and every possible state, or 
n-tuple, of a given n stage generator 1 1 exists at some 
time during the generation of a complete code cycle. 
Each state exists for one and only one bit interval. The 
exception is that the all zeros state never occurs. 

In the case of a truly random sequence generator 
1 1 , the sequence has the autocorrelation function value 
of 0 when the phase shift is greater than 1 bit, and max- 
imum when the phase shift is exactly zero. The maxi- 
mum value of the autocorrelation function is ideally 
infinity, and in practice is limited by either correlation 
time or hardware dynamic range. 

The required property of the output of the noise 
code generator 1 1 is that the autocorrelation function of 
the bit stream is very small relative to the maximum 
value when the correlation delay is greater than one bit, 
and a maximum for zero delay. The autocorrelation 
function of a pseudo random (PN) maximal code is 
shown in Fig. 7. 

The output of the delay unit 14 is a bit sequence 
that is a replica of its input sequence delayed by a spec- 
ified amount, t nanoseconds. In general, the delay unit 
14 has a programmable value for t, where the available 
values are integer multiples of the input bit stream bit 
duration, plus a fixed offset. In the basic single range bin 
radar system 10 of Fig. 1 , the delay unit 14 has a fixed 
delay. In general, the delay unit 14 may have its delay 
parameter t fixed at any value, or programmable to any 
value, depending on the desired range coverage and 
resolution for the radar system 10. 

The phase modulators (f m ) 13a, 13b modulate the 
LO signal according to the input bit stream to the modu- 
lators 13a, 13b. In the system 10 of Fig. 1, a binary bit 



stream is employed, wherein the phase modulators 1 3a, 
13b are binary phase modulators. When the input bit is 
a logic "1", the LO signal is passed through the modula- 
tors 13a, 13b unchanged. When the input logic bit is a 

5 "0", the output of the modulators 13a, 13b is a replica of 
the LO signal but 180° out of phase with the LO signal. 
Each modulator 13a, 13b converts its input bit stream 
into a sequence of LO signals that have phase inver- 
sions every time the input bit stream has a state 

io change. 

The baseband integrator and amplifier 19 amplifies 
small signals that emanate from the downconverter 
mixer 1 7 in the receiver path. When the received signal 
and the phase modulated LO signal mix and are syn- 

15 chronized in time, the data bit stream emerges from the 
mixer. The integrator and amplifier 19 is designed to 
amplify the data bit stream or certain harmonics of the 
data bit stream. The presence of the data bit stream at 
the mixer output, and its amplified replica or one of its 

20 amplified harmonics indicates the presence of a target 
in the detection zone. 

The principles of operation for the basic system 10 
will now be discussed. Two signals are simultaneously 
generated by the system 10, which are a transmit signal 

25 and a reference signal. The transmit signal is the signal 
radiated from the transmit antenna 16a and is gener- 
ated by bi-phase modulating the carrier (LO) with the 
noise code modulo-2 added to the data stream. The ref- 
erence signal is generated by bi-phase modulating the 

30 carrier with a delayed replica of the noise code. 

The downconverter mixer 1 7, baseband integrator 
and amplifier 1 9 together form a correlator 21 , with the 
reference signal and the returned receive signal as 
inputs. The code is delayed by a prescribed amount in 

35 the delay unit 14 with respect to the code that modu- 
lates the transmitted LO signal. The received signal is 
scattered off a target at some distance from the radar 
system 1 0, and therefore has been delayed with respect 
to the transmit reference signal by a time given by 

40 

t R =2R/C, 

where R is the range to the target, and c is the speed of 
light, and t R is the range delay. 

45 When t R matches the applied time delay t from the 
delay unit 1 4, the output from the downconverter mixer 
1 7 and baseband amplifier 1 9, which form the correlator 
21, becomes large as shown in Fig. 7. Whenever the 
target range delay is within one noise code bit length 

so (chip) relative to the reference code delay t, the output 
from the correlator 21 increases above its minimum 
value. For simplicity, the discussion presumes no delay 
in any electronic circuit except the desired delay in the 
delay unit 14. Practical circuits with various nonzero 

55 delays introduce a delay offset in the system 1 0 which is 
fixed and independent of the target delay or the pro- 
grammed code delay. 

Since the received signal has the data stream 
mixed in with its pseudo noise (PN) code, and the refer- 
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ence signal (carrier modulated by the delayed code) 
does not, when the two are in time synchronization, or 
nearly so, the data stream emerges from the downcon- 
verter mixer 1 7. This structure is known as a "hetero- 
dyne correlator". 5 

The data stream in this system 10 is introduced to 
relax the baseband detection requirement in practical 
circuits. If there were no data stream, a DC signal would 
emerge form the downconverter mixer 17 when the 
input and reference signals are time synchronized, or io 
nearly so. The DC signal would increase as synchroni- 
zation becomes more exact as shown in Fig. 7, indicat- 
ing the presence of a target. In theory, a DC amplifier 
would be used to amplify the output of the correlator 21. 
In practical circuits, this DC signal is forced to compete 15 
with DC offsets and circuit bias drift which are unavoid- 
able. The data stream, rich in AC signal components of 
known frequencies, is introduced as a baseband signal 
to provide a unique signal that is more easily amplified 
and detected than a DC baseband signal. The autocor- 20 
relation function shown in Fig. 7 corresponds to the 
amplitude of the data output (hence each of its AC com- 
ponents) from the baseband integrator and amplifier 19. 

Enhancements to the basic system 1 0 will now be 
discussed. As stated with reference to the discussion of 25 
Fig. 1. the basic system 10 has a characteristic wherein 
the baseband signal will "dropout" due to the lack of a 
"quadrature LO" signal. Because the system 10 uses 
coherent homodyne downconversion, if the carrier 
phase of the return signal happens to be in quadrature 30 
with the reference carrier (LO), the output of the correla- 
tor 21 is zero even though the noise codes may be per- 
fectly time synchronized. The range delay of the target 
causes a phase lag in the return signal carrier given by 

35 

f R = 2 1 (2R/l) 

(where I is the carrier wavelength) with respect to the 
reference carrier. Depending on the range of the target, 
this phase may be any value. The return signal then 40 
may be in quadrature with the reference carrier, or 
exactly in phase, or somewhere in between, depending 
on the range of the target. Every quarter wavelength 
change in target range brings the output of the correla- 
tor 21 from a peak through a null back to a peak, (or 45 
from a null through a peak to a null, or some other simi- 
lar amplitude excursion). Fig. 8 shows the amplitude of 
the baseband signal at the baseband amplifier output as 
a function of target range, using a pseudo noise code as 
an example; the carrier is higher in frequency than the 50 
code rate for this example. As is shown in Fig. 8, the 
system response undergoes peaks and nulls for small 
changes in target range when the target is within the 
range bin. 

Amplitude variations in the basic system 1 0 may be 55 
eliminated in a number of ways, a few of which are 
described below. Referring to Fig. 2, it shows a radar 
system 1 0a that includes an offset oscillator 22 to shift 
the carrier frequency of the reference signal with 



respect to the return signal. A splitter 26 and a second 
mixer 27 are employed to mix the signals from the local 
oscillator source 15 and offset oscillator 22. The trans- 
mitted and returned signal does not have its noise code 
added to a data stream in this case, because this is 
unnecessary. When the target has a range such that the 
return and reference codes have the same delay (or 
nearly so), the downconverter mixer 17 outputs a con- 
tinuous wave at a frequency that is the difference 
between the transmit carrier and the reference carrier. 
This difference frequency is equal to the frequency of 
the offset oscillator 22. Since the output of the correlator 
21 in this case is an AC signal, the data stream is not 
introduced. There is no amplitude null within the corre- 
lation delay interval of +/- 1 code bit since the reference 
and return carriers, albeit phase coherent, have a fre- 
quency offset as opposed to a target range dependent 
phase offset. The baseband amplifier 1 9 is coupled to a 
bandpass filter (BPF) 23 that is centered at the fre- 
quency of the offset oscillator 22, followed by a detector 
24. The DC output of the detector 24 is as shown in Fig. 
7 as a function of target range delay, using a pseudo 
noise code for example. When the detector 24 exceeds 
threshold, V th , a threshold comparator 25 changes logic 
state to indicate the presence of a target within the sin- 
gle range bin. 

Yet another implementation that eliminates periodic 
null/peak amplitude system output is to use an l/Q 
receiver 30 including two downconversion channels 31, 
32. In addition to the use of an "in-phase" channel 31 
such as is shown in Fig. 1, a "quadrature" reference 
channel 32 is formed as shown in Fig. 5a. A power 
divider (PD) 28 is used to couple the data and carrier 
signal to the respective channels 31 , 32. The local oscil- 
lator signal (LO) is coupled to I and Q downconverter 
mixer 17a, 17b by way of a power divider having 90 
degree out of phase output ports 33. Outputs of base- 
band integrator and amplifier 19a, 19b of the respective 
channels 31, 32 are processed 34 (squared and 
summed) to produce a root sum square amplitude 
which is passed through the detector 24 and threshold 
comparator 25 to generate a signal that indicates the 
presence of a target. 

Fig. 5b shows an extension of the concept in Fig. 1 , 
where an l/Q heterodyne correlator is implemented. 
Only the receiver correlator sections are shown in Figs. 
5a and 5b. When the reference and return carriers are 
in phase quadrature, the return carrier is in phase with 
the quadrature reference, whose correlator then has a 
maximum output amplitude allowed by the envelope of 
the noise code autocorrelation function. The root sum 
square amplitude of the baseband I and Q channels 31 , 
32 follows the autocorrelation curve of Fig. 7 as a func- 
tion of target range delay, with no nulls when the target 
is within the range bin. 

By individually processing the baseband I and Q 
channels, both the direction and rate of target radial 
motion may be determined. Processing includes mixing 
the baseband signals with the data signal or a harmonic 
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thereof to directly extract any Doppler frequencies in the 
baseband, then filtering with a Kalmus filter or digitising 
the I and Q Doppler channels. 

Different configurations for the correlator 21 
employed in the present radar system may be used. For 5 
example, cost savings may be realized by replacing the 
heterodyne correlator 21 shown in Fig. 3a with an in-line 
correlator 21a shown in Fig. 3b. Fig. 5 shows both in- 
line (Fig. 5a) and heterodyne (Fig. 5b) l/Q correlators 
21, 21a. Both receiver correlators 21. 21a work well, but 10 
the heterodyne correlator 21 has higher resistance to 
interference signals. 

In order to effect a baseband signal with AC compo- 
nents, the transmit carrier may be modulated by numer- 
ous ways prior to noise encoding. Either digital or 75 
analog waveforms may be used to amplitude modulate 
or angle modulate or combination modulate the transmit 
carrier prior to noise encoding. The noise encoding may 
be multi-phase modulation, binary phase modulation, or 
amplitude modulation. However, the present invention is 20 
limited to direct sequence modulation, as opposed to 
frequency hopping or chirp systems. 

The AC baseband implementation in all of the sys- 
tems 10 described herein is achieved by exclusively 
ORing the data stream (modulo-2 addition) with the 25 
noise code and exemplifies the simplicity of this imple- 
mentation (use of one EXOR gate). The data may be 
added in this manner to either a PN code or a true noise 
code. The data stream need not be a square wave; it 
may be any unique or recognizable bit sequence which so 
serves to enhance detection or enhance interference 
rejection. 

The delay functions shown in Figs. 1 through 4 
imply a fixed delay through which the reference signal 
noise code is transferred, creating a single range bin 35 
system 10. The system 10 may be programmable in 
either an analog or digital implementation. By making 
the system 1 0 programmable, where the delay imparted 
to the noise code is under electronic control, a multiplic- 
ity of range bins may be effected. This programmability 40 
is shown in Fig. 5 in both the in-line and heterodyne cor- 
relators 21, 21a. Analog delay units 14 may be com- 
prised of a system of signal paths of varying lengths and 
switches which switch in different delays. If analog delay 
units 1 4 are used, the "noise code" need not be a dis- 45 
crete bit stream, but may be as general as any random 
waveform capable of modulating the carrier such that 
the radiated emission is a spread spectrum. 

Digital delay units 1 4 utilize discrete logic signals as 
inputs and outputs, and may be realized in various so 
ways. The digital delay unit 14 incorporated into a field 
test system 10 (Fig. 4) was a cascade of D-type flip 
flops, where each output is sent through an n:1 multi- 
plexer, thus providing for shifting the delay precisely one 
code bit. Delay shift precision in this scheme is accom- 55 
plished since the D-type flip flops are clocked simultane- 
ously by a code generator clock. 

The system 10 that was constructed to verify that 
system concept and study how the wideband waveform 



interacts with real world targets is shown in Fig. 4. This 
test system 10 uses only one receiver channel and no 
offset oscillator for simplicity. The baseband section 
extracts and amplifies the fundamental harmonic of the 
data waveform, which is a 1 0 KHz square wave. The in- 
line modulator was selected for simplicity. Field data 
showed a system response as predicted in Fig. 8 even 
when targets of significant range depth extent were 
used. 

The system 10 of Fig. 6 is intended for use as a 
parking aide and/or backup ranging radar system 1 0 for 
vehicle applications. This system 10 uses an l/Q in-line 
correlator 21 . a square wave data stream derived from 
the data source 12 is EXORd with a pseudo noise code 
modulating the transmit waveform generated by the 
code generator 11. and a baseband section that 
extracts the fundamental harmonic of the data wave- 
form. The I and Q channels are squared then summed 
34 for continuous detection throughout the range bin. A 
programmable digital delay unit 14 controlled by a 
sequencer 36 is used to sequentially change the posi- 
tion of the range bin. This system 10 continuously steps 
the range bin through adjacent positions, dwelling in 
each position long enough to adequately test for target 
detection, and activates an indicator (driven by a multi- 
plexer 35) associated with each range bin if a target is 
present in the range bin. Thus, any desired region of 
range coverage, with precision range resolution, may be 
accomplished. The rate at which the range bins posi- 
tions may be scanned is governed by the response time 
(bandwidth) of the baseband amplifier and detector. The 
programmable delay unit 14 is changed in one chip 
(noise code bit) intervals, using digital flip flops as delay 
elements, setting up a bank of overlapping detection 
correlation responses (Fig. 7), the peaks of which are 
separated by precisely one chip time. 

Thus, continuous wave wideband precision ranging 
radar systems have been disclosed. It is to be under- 
stood that the described embodiments are merely illus- 
trative of some of the many specific embodiments which 
represent applications of the principles of the present 
invention. Clearly, numerous and varied other arrange- 
ments may be readily devised by those skilled in the art 
without departing from the scope of the invention. 

Claims 

1. A continuous wave wideband precision ranging 
radar system comprising: a noise code generator 
for generating a noise code; a data source for gen- 
erating a data bit stream; a mixer for embedding 
data derived from the data source into the noise 
code; a local oscillator microwave source for gener- 
ating a local oscillator signal: a transmit phase mod- 
ulator for modulating the local oscillator signal 
according to the data bit stream to produce a mod- 
ulated local oscillator signal: a transmit microwave 
antenna for transmitting the modulated local oscilla- 
tor signal; a receive microwave antenna for receiv- 
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ing the modulated local oscillator signal reflected 
from a target; a code delay for delaying the noise 
code; a receive phase modulator for modulating the 
local oscillator signal according to the delayed 
code; and a correlator for correlating the delayed 5 
code and the received modulated local oscillator 
signal reflected from the target and for outputting 
data indicative of the presence of the target. 

2. The system of Claim 1 wherein the correlator com- 10 
prises a heterodyne correlator. 

3. The system of Claim 1 wherein the correlator com- 
prises an in-line correlator. 

15 

4. The system of Claim 1 wherein the correlator com- 
prises a l/Q in-line correlator. 

5. The system of Claim 1 wherein the correlator com- 
prises: a downconverter mixer coupled to the 20 
receive microwave antenna and to the receive 
phase modulator; and a baseband integrator and 
amplifier coupled to the downconverter mixer for 
outputting data from the radar system. 

25 

6. The system of Claim 1 further comprising offset 
oscillator means for shifting the carrier frequency of 
the local oscillator signal with respect to the return 
signal. 

30 

7. A continuous wave wideband precision ranging 
radar system comprising: a noise code generator 
for generating a noise code; a local oscillator micro- 
wave source for generating a local oscillator signal; 

a transmit phase modulator for modulating the local 35 
oscillator signal according to the noise code to pro- 
duce a modulated local oscillator signal; a transmit 
microwave antenna for transmitting the modulated 
local oscillator signal; a receive microwave antenna 
for receiving the modulated local oscillator signal 40 
reflected from a target; a code delay for delaying 
the noise code; a receive phase modulator for mod- 
ulating the local oscillator signal according to the 
delayed code; and a correlator for correlating the 
delayed code and the received modulated local 4s 
oscillator signal reflected from the target and for 
outputting data indicative of the presence of the tar- 
get. 

8. The system of Claim 7. further comprising offset so 
oscillator means for shifting the carrier frequency of 
the local oscillator signal with respect to the return 
signal. 

9. The system of Claim 7 wherein the offset oscillator 55 
means comprises: an offset oscillator; a mixer cou- 
pled to the local oscillator and the offset oscillator 
and to the receive phase modulator. 



10. The system of Claim 7 wherein the correlator com- 
prises a l/Q in-line correlator. 
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